Coherent x-ray diffraction experiments have been performed on high quality crystals of the charge density wave (CDW) system K 0:3 MoO 3 . The satellite reflections associated with the CDW have been measured as a function of the 20-m-diameter beam position. For some positions, regular fringes have been observed. We show that this observation is consistent with the presence of a single CDW dislocation. Beyond charge density wave systems, this experiment shows that coherent x-ray diffraction is a suitable tool to probe topological defects embedded in the bulk.
The richness of charge density wave (CDW) properties is directly related to the one-dimensional (1D) character of their electronic structure. Upon cooling, the quasi-1D electron system undergoes a 3D modulation of the electronic density, at twice the Fermi wave vector 2k F , associated with a periodic distortion of the host lattice [1, 2] . The CDW ground state resulting from this instability is a typical example of electronic crystal. This crystal can slide as a whole for an electric field larger than a threshold, whose existence is related to the pinning of the CDW on defects.
As any crystal, a CDW is elastic and can exhibit intrinsic defects like dislocations. Detailed knowledge of these defects is essential to understand the CDW dynamics as first suggested in Ref. [3] . Indeed, the conversion of free carriers into condensed electrons near contacts [4 -7] requires one to create or destroy CDW phase fronts by dislocation climbing [5] . The variations of the CDW wave vector with temperature, or the narrow band noise generated by the CDW sliding, are other phenomena interpreted as due to dislocations [4, 5] .
Although CDW dislocations are structural features, such defects have never been directly observed in electronic crystals by diffraction methods [8] , even though indirect evidence of CDW dislocations close to contacts have been reported [9] . The goal of this Letter is to show that coherent x-ray diffraction is a suitable tool to probe phase field deformations induced by dislocations.
By diffraction, the periodic lattice distortion ur u 0 cosq c r r associated with the CDW gives rise to satellite reflections located at q c around each fundamental Bragg reflection. In usual diffraction experiments, the low degree of coherence of the beam makes the satellite intensity proportional to the Fourier transform squared of the space average hu0uri. The corresponding satellite smooth profiles can be explicitly calculated from, e.g., phase-only weak pinning models based on the Fukuyama-Lee-Rice Hamiltonian [3, 10, 11] . From an experimental point of view, the behavior of the phase r through the phase-phase correlation function hr0i is difficult to obtain from the satellite profiles because domains are often close to the micrometer size in pure systems and diffraction peaks are thus resolution limited. In doped systems, in which reflections are broad enough, the experimental profiles are consistent with either weak pinning situations, in which the CDW domains pin as a whole [12, 13] , or strong pinning ones, in which each impurity pins the CDW phase [14, 15] .
The coherent diffraction of disordered systems no longer leads to smooth diffraction features but to speckle patterns, which are related to the exact disorder configuration probed by the x-ray beam. Indeed, a first coherent diffraction experiment performed on NbSe 3 clearly showed a typical speckle pattern [16] . In this Letter, we report on the coherent diffraction in the CDW state of the pure, high quality, molybdenum blue bronze K 0:3 MoO 3 sample [2] (see Fig. 1 ). We show that it is consistent with the presence of a single CDW dislocation embedded in the bulk. A, c 9:885 A, and 117:5 . This structure is conveniently described using the pseudo-orthogonal basis of reciprocal vectors b , along the chain's direction, 2a c a 2c, close to the perpendicular direction within the layer, and 2a ÿ c , perpendicular to the layers. The satellite reflections are found at the (0; 1 ÿ 2k F ; 0:5) reduced wave vector, where 2k F is equal to the incommensurate value 0:748 0:001b at 15 K [17] . This leads to define q c 1; 2k F ; 0:5 as the CDW wave vector normal to the wave fronts. Note that the CDW reduced wave vector q c is not parallel to the chains direction b , as it is usually assumed in theoretical works (see Fig. 2 ).
The 0:5 2 0:2 mm 3 sample was mounted in an Orange Cryostat at the ID20 beam line at the ESRF and cooled down to 75 K. The sample was initially aligned with the b axis vertical, and the 2a ÿ c axis in the horizontal scattering plane. In order to get a good transverse coherence of the 7.5 keV beam ( 1:65 A), and to get rid of the distortions of the source by the optics, we used a set of slits (20 m 20 m) as a virtual source 3 m before the sample. An approximate degree of coherence of 60%-70% was achieved by using a d 20 m diameter pinhole as close as possible to the sample (12 cm). The patterns were recorded on a direct illuminated CCD camera (20 m 20 m pixel size) located 1.73 m from the sample position. The data were analyzed by a DROPLET algorithm [18] .
The experiment consisted in recording the 2D diffraction patterns of the Q s 5;
1; 3 q c reflection for different beam positions on the sample. Because of the experimental geometry, the 2D reciprocal plane corresponds to the b ; t plane, where t is the direction tilted at 19.5 from the 2a ÿ c direction (see Fig. 3 ). For most of the positions, the pattern exhibited a sharp component only [see Fig. 1(a) ], far from typical speckle patterns of disordered systems. The spot is almost circular (50 m in FWHM) and slightly elongated along t . By translating vertically the sample by 20 m steps over 2 mm, the profile did not display any speckle for most of the cases. For some beam positions on the sample, however, regular fringes appeared, in the t direction only [see Fig. 1(b) ]. The profile of the fringes was very sensitive to the incident angle i , whereas the profile along b did not depend on i and never displayed any fringe. Similar diffraction patterns were observed in another sample [19] and no fringe was ever observed on the 6; 0; 3 fundamental Bragg reflection [see Fig. 1(c) ].
Let us discuss the size of the diffraction peak in Fig. 1(a) . Because the penetration length ( ÿ1 18 m) and the pinhole size (d 20 m) are large, we are not here in the pure Fraunhofer regime [20] . In this [21] . The width along the radial direction 2a ÿ c is, however, larger and driven by and the longitudinal coherence length L given by the double Si monochromator of the beam line [22] . This leads to a cigarlike profile, elongated along the radial direction. This is why the experimental profile appears slightly elongated along the direction t . The contrast of fringes in Fig. 1(b) is related to the maximum path length difference , which is usually limited by the penetration length and the diffraction angle : 2 ÿ1 sin 2 . In a more general case, when the scattering wave vector is inclined of an angle with respect to the surface, the maximum path length difference reads
In order to reduce , the most intense low-angle superstructure reflection Q s at the incident angle i 12:6 and exit angle f 26:4 was studied (see Fig. 3 ). In this geometry, remains larger than L ( 3:5 m and L 2 1:4 m). This effect reduces the contrast of fringes along the radial direction 2a ÿ c . However, the contrast in Fig. 1(b) is still strong because the direction of measurement t is tilted at 19:5 from the radial direction [see Fig. 3(b) ].
The presence of regular fringes in Fig. 1(b) could be due to the diffraction of an isolated domain smaller than the transverse coherent length of the beam. Such a truncation effect, however, leads to fringes whose intensity is weak and visible on log scales only (see, for example, the diffraction of slits or nanocrystals [23] ). Those fringes cannot be due to the mosaicity of the CDW either, because the 2D diffraction patterns were obtained for fixed . The fringes observed here are thus due to interference effects induced by localized phase field deformation of the CDW. In the following, we show that the original diffraction pattern of Fig. 1(b) is consistent with a single screwlike dislocation of the CDW.
The space averaged x-ray diffraction pattern in the presence of several dislocations has been considered in a number of theoretical works (see, for example, [24] ). We treat here the case of the coherent diffraction of a dislocation and its associated phase field deformation.
As in any elastic medium, simple cases of screw and edge dislocations can be considered, given that the 1D character of CDW requires a Burgers vector parallel to q c [6] . Restricting ourselves to 1D perfect dislocation lines, we apply the basic theory of elasticity [3, 6, 25] . The phase r has to fulfill the differential equation at equilibrium: are neutral. The elastic constants K i are thus expected to be strongly anisotropic in a CDW system, as confirmed by inelastic scattering measurements on blue bronzes [26, 27] : . Although the solution of the edge dislocation cannot be excluded, the screwlike dislocation has been considered only in the following, fitting the experimental data with a better accuracy. Because the CDW wave vector q c is not parallel to the chain's axis, it corresponds to a mixed dislocation, running in the chain's direction (see Fig. 2 ). Remarkably, this dislocation introduces no compression or dilatation of the CDW along b . The corresponding diffraction pattern around the satellite position Q s is displayed in Fig. 3 . The experimental elastic constants given above have been used. The diffraction pattern is characterized by a minimum of intensity at Q s , whereas a maximum is expected in the case of a perfect CDW. No fringe appears along b in agreement with the experiment, and the main fringes are observed along the soft direction 2a ÿ c . Our CCD camera cuts the 2a ÿ c ; 2a c plane along t . By slightly changing the incident angle i , the section is translated along the arrow indicated in Fig. 3(b) . This explains the sensitivity of the diffraction pattern with the incident angle. Since this dislocation affects the CDW modulation only and not the host lattice, it induces no change on the fundamental Bragg reflections.
The profile of fringes depends on the location of the screwlike dislocation in the probed volume. In depth, one can estimate from simulations [28] that the dislocation line has to be located between 3:6 from the surface properly fits the experimental data (see Fig. 4 ).
Althrough fringes are observed along t for given locations in the sample, no fringe was ever observed along b , whatever the beam position or/and the incident angle. This is an indication that the CDW remains globally coherent along b , over very large distances (over millimeters). Note here that we are not sensitive to 2 solitons or to slow variations of the modulation.
We took into account only a single 1D perfect dislocation line without considering several dislocations or more complex topological defects as dislocation loops. However, the original diffraction pattern of Fig. 1(b) , especially the small number of fringes, limits significantly the number of solutions. For example, the presence of several dislocations would imply many more fringes and loop dislocations additional fringes along b . Moreover, since screw dislocations involve shears, they have smaller energies than edge ones, which involve compression and dilatation along the 2k F direction b
. The presence of CDW screwlike dislocations is thus expected from theoretical arguments [6] .
In conclusion, we report here the first direct observation of a topological defect of an electronic crystal, embedded in the bulk, by using the properties of a coherent x-ray beam. This observation is particularly important in the case of CDW systems where the intrinsic defects are the cornerstone of a number of physical phenomena. Beyond CDW systems, this study shows that coherent x-ray diffraction is well suited to probe any phase field deformation in the bulk, in nearly perfect lattices. Fig. 1(b) along t (open cercles) and the simulated diffraction of the screwlike dislocation described in Fig. 2 (straight line) .
